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Findings:
• Density was successfully predicted
• Viscosity has an  inverse relation, but results are not consistent
Plan:
• Continue simulating Basic Molecules
• Combine molecules into asphalt mixture and test effects
• Predict molecules effect on physical properties
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Shear Viscosity prediction of Pure Molecules using molecular dynamic method
• Muller-Plathe Formulas [1]:
• Can be Interpreted as[2]:
• Standard Error (precision) [3]
Introduction
Identify molecule types that are contained in bio 
matter and predict molecules that could enhance 
asphalt cold-temperature properties.
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Results and Discussion
Basic Molecules Simulated
343 of each molecule was generated using Towhee OPLS-aa 
force field [4]. Simulation was then equilibrated and physical 
properties were predicted using LAMMPS (Dec 2015) [5].
After Equilibrating, several steps are 
needed to accurately predict viscosity:
• Equilibrate in NVT (controlled volume 
and temperature)
• Apply Shear Strain Rate
• Determine Steady State Region 
(Temperature, Pressure, and Energy)
• Calculate and Average
• Simulate multiple strain rates for a 
linear fit (between noise and temp 
spike)
• Intrinsic Viscosity: Y-intercept (0 strain 
rate)
Acetone 298K
Asphalt pavement is susceptible to extreme 
temperature failure, such as cold temperature 
cracking. Pyrolysized swine manure or switchgrass 
can be mixed with the original asphalt to make 
bioasphalt, which can improve the low-temperature 
properties of asphalt on road pavement. In order to  
understand the relationships between chemical 
composition, microstructure and major physical and 
mechanical properties of bioasphalt, molecular 
dynamics simulations are useful for this. At the starting 
stage,  simulations were performed on 12 simple 
molecules that contain common functional groups 
typically found in bio-asphalt: sulfonated, oxygenated, 
aromatics, aliphatic, etc. Running all atom molecular 
dynamics simulations using LAMMPS package, 
density and shear viscosity were predicted at in total 
eight temperatures on each molecule  to understand 
their property dependence on temperature.
Consistent agreement with experimental data was 
observed.
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